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[57] ABSTRACT

An intake air flow control system for an internal com-
bustion engine of a motor vehicle comprises an acceler-
ator pedal depression sensor for detecting depression
depth of an accelerator pedal, a throttle actuator for
reguiating opening degree of a throttle valve in depen-
dence on the depression depth of the accelerator pedal,
a bypass intake passage which bypasses an intake pipe at
a location where the throttle valve is disposed, a bypass
control valve installed in the bypass intake passage, an
abnormality detector for detecting abnormality of con-
trol of the throttle actuator, and a controller for con-
trolling the opening degree of the bypass control valve
in dependence on depression depth of the accelerator
pedal in response to detection of abnormality of in the
control performed through the throttle actuator. Opera-
tion of the engine can be fail-safed even upon occur-
rence of fatlure 1n the throttle control system in the fully
closed state of the throttle valve.

S Claims, 7 Drawing Sheets
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FAIL-SAFE INTAKE AIR FLOW CONTROL
SYSTEM FOR INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to a system
for controlling the flow rate of intake air in an internal
combustion engine for a motor vehicle by controlling
electrically a throttle valve. More particularly, the in-
vention is concerned with an apparatus for fail-safing
the intake air flow control system.

Description of the Related Art

The intake air flow fed to a gasoline engine is conven-
tionally regulated by a throttle valve whose opening is
controlled by means of an accelerator pedal mechani-
cally interlocked with the valve. In recent years, how-
ever, there is adopted in some practical applications a
so-called wired intake air flow control system in which
the opening of the throttle valve is controlled by an
electrical actuator in response to an output signal of an
accelerator pedal position sensor which signal repre-
sents depth of depression of an accelerator pedal of a
motor vehicle, in an effort to enhance the comfortable-
ness in driving the motor vehicle and realize a driving at
a cruising speed, while improving a disposition layout
of engine accessories.

For a better understanding of the present invention,
the background technique thereof will be described in
some detail.

F1G. 2 shows generally and schematically a structure
of an intake air flow control system for an internal com-
bustion engine (hereinafter also referred to simply as the
engine) of a motor vehicle known heretofore. Referring
to the figure, the engine denoted by a reference numeral
1 1s equipped with an intake pipe 14 in which a throttle
valve 2 is installed for controlling or adjusting the
amount or quantity of air supplied to the engine. The
throttle valve 2 is mechanically coupled to an electrical
throttle actuator 3 which may be constituted by a DC
motor, a stepping motor or the like for actuating the
throttle valve 2. To this end, the throttle valve 2 is
connected to the throttle actuator 3 by means of a shaft
4. A return spring 5 is wound around the shaft 4 in such
disposition that the throttle valve 2 is resiliently urged
toward the closed position when operation of the throt-
tle actuator 3 is disabled. Provided in association with
the throttle valve 2 is a throttle position sensor (TPS) 6
for detecting the degree of opening of the throttle valve
2. On the other hand, there is provided in association
with an accelerator pedal 7 of a motor vehicle an accel-
erator pedal position sensor (APS) 8 which serves for
detecting the degree or depth of depression (actuation
level) of the accelerator pedal 7. A reference numeral 9
denotes an engine rotation speed sensor for detecting
the rotation speed (rpm) of the engine 1 to thereby
generate an engine rotation speed signal. The output

signals of the sensors 6, 8 and 9 mentioned above are
inputted to a controller 10 which is designed to control

operation of the throttle actuator 3 on the basis of the
sensor output signals.

With the intake air flow control system of the struc-
ture described above, the control of the throttle actua-
tor 3 1s realized through a procedure which is illustrated
In a flow chart of FIG. 3. Incidentally, processings and
operations such as arithmetic operations, conditional
decisions and others for the aimed control described
below by reference to FIG. 3 and others are executed
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by a micro-computer incorporated in the controller 10.
However, since such micro-computer is a conventional
one, description thereof is omitted, being understood
that implementation as well as programming of the
micro-computer lies within the skill of those having
ordinary knowledge in the art.

Now, referring to FIG. 3, in a step 100, the controller
10 or micro-computer incorporated therein fetches the
output signal of the accelerator pedal position sensor 8,
which signal represents a degree of depression a of the
accelerator pedal 7. In a step 101, a desired opening
degree €;of the throttle valve 2 is arithmetically deter-
mined on the basis of the detected depression depth a of
the accelerator pedal 7 and the engine speed (rpm) Ne
indicated by the output signal of the engine speed sensor
9. The arithmetic operation for determinin g the throttle
opening 65 can be performed in accordance with a pre-
determined function which represents a relation be-
tween the desired throttle opening O and the accelera-
tor pedal depression a by taking into consideration the
engine speed Ne as a correcting quantity.

The relation between the desired throttle valve open-
ing degree Osand the accelerator pedal depression depth
a may differ in dependence on maneuvering perfor-
mances or characteristics to be imparted to the motor
vehicle. FIG. 4 graphically illustrates a typical one of
such relations. Referring to the figure, a characteristic
curve a in solid line indicates that the throttle opening
degree Biis changed substantially hinearly in proportion
to the depression a of the accelerator pedal. In contrast,
in the case represented by a characteristic curve b, the
throttle valve opening 6, is so controlled as to change
gently in a range within which the accelerator pedal
depression a remains small. With the maneuvering
characteristic represented by the curve b, it is contem-
plated to cope with such problems that shock is likely to
occur 1n the motor vehicle, making difficult the opti-
mum control of the engine, when the intake air flow
changes rapidly or steeply upon starting of the vehicle
or in the course of running at a low speed.

On the other hand, FIG. 5 graphically illustrates
relations between the engine output torque and the
engme rotation speed (rpm). As can be seen from 2
broken-line curve labeled “ENGINE TORQUE”, the
output torque of the engine does not bear a linear rela-
tionship to the engine rotation speed (rpm). More spe-
cifically, in low- and high-speed ranges, the engine
output torque tends to become low. In this conjunction,
it 1s to be mentioned that the above-mentioned depen-
dence of the engine output torque on the en gine rotation
speed ranges can be improved by correcting the relation
represented by the curve b shown in FIG. 4 with cor-
recting coefficients or quantities represented by a solid-
line curve shown in FIG. 5 and labeled “CORRECT-
ING COEFFICIENTS”. At this juncture, it should
also be mentioned that the control characteristic of the

throttle opening degree 6; relative to the accelerator
pedal depression a described above is only for the pur-

pose of illustration. In reality, such control characteris-
tics may vary in dependence on the desired maneuver-
ability, comfortableness in driving the motor vehicle
and/or other factors as well as performances of the
engine.

After having determined the desired throttle opening
degree 6 as mentioned above, the processing proceeds
to a step 102 (FIG. 3) in which a real or actual throttle
opening degree 6, is fetched from the output of the
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throttle position sensor 6, which is then followed by a
step 103 where a deviation or difference e between the
desired throttle opening degree 85 and the real throttle
opening degree 6, is arithmetically determined. When
the real throttle opening degree 8, is smaller than the
desired throttle opening 6;, the throttle valve 2 is driven
in the direction to increase the throttle opening 6,0n the
basis of the deviation e through the throttle actuator 3 in
a step 104a. If otherwise, the throttle valve 2 is driven in
the direction to decrease the throttle opening 8,through
the throttle actuator 3 in a step 1045.

By controliing the opening degree of the throttle
valve 2 through the electrical throttle actuator 3 in this
manner, a high controllability of the engine operation
and hence a high maneuverability of the motor vehicle
can be realized. However, in contrast to the conven-
tional mechanical control of the throttle valve in which
the opening degree thereof is controlled by the acceler-
ator pedal through the medium of a mechanical linkage,
the electrical control of the throttle valve 2 described
above 1s susceptible to a problem that the throttle valve
2 may become inoperative, when a failure occurs in the
throttle actuator 3, the controller 10 or other compo-
nents taking parts in the electrical control of the throttle
valve 2, as a result of which uncontrollable running or
runaway of the motor vehicle will be incurred. Accord-
ingly, it is very important to fail-safe the electrical con-
trol of the throttle valve mentioned above.

FIG. 6 1s a flow chart for illustrating, by way of
example, a procedure known heretofore for making
decision as to occurrence of abnormality in the control
system for the throttle valve 2 inclusive of the throttle
actuator 3 together with the measures to be taken in
dependence on the results of the abnormality decision.
Referring to the figure, in a step 200, difference B be-
tween the desired opening degree 6; of the throttle
valve which can be derived on the basis of the depres-
sion a of the accelerator pedal 7 and the real opening
degree 0, of the throttle valve is determined. In this
conjunction, it is noted that the relation between the
quantities a and 0, can be given by a predetermined
function, as described above. So long as the relation
given by this function remains normal, there can not
make appearance the difference 8 of such magnitude
which exceeds a predetermined value Bi. In other
words, 1t can be decided that the real throttle opening
8,1s abnormal when the above-mentioned difference 8
exceeds the predetermined value 8;. When it is deter-
mined 1n a step 201 that the difference 8 is greater than
the preset value 8}, electric power supply to the throttle
actuator 3 1s interrupted to thereby stop the operation of
the throttle actunator 3 in a step 2025, because, if other-
wise, there arises possibility of runaway of the motor
vehicle due to the abnormality occurring in the throttle
valve or in the control system therefor. On the other
hand, when the difference £ is smaller than the preset
value 31, this means that the throttle actuator 3 is con-
trolled normally in a step 202a.

When operation of the throttle actuator 3 is disabled,
the throttle valve 2 is resiliently urged to move to the

fully closed position under the effort of the return

spring 5. However, there may arise such situation that
the throttle valve 2 can not be moved to the fully closed
position even when the operation of the throttle actua-
tor 3 is stopped, because of a frictional engagement in a
reduction gear train incorporated in the throttle actua-
tor 3. To deal with this problem, it is known to dispose
an electromagnetic clutch (not shown) between the
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shaft 4 of the throttle valve 2 and the throttle actuator
3 and disconnect the former from the latter by deener-
gizing the electromagnetic clutch upon occurrence of
abnormality in the throttle valve control system to
thereby allow the throttle valve 2 to assume the fully
closed position under the action of the return spring 5.
Further, when a failure takes place in operation for
opening the throttle valve 2, fuel injection to all or some
of the engine cylinders may be interrupted to thereby
lower the engine output torque.

On the other hand, when a failure occurs in the fully
closed state of the throttle valve 2 (i.e., when the throt-
tle valve 2 can not be opened from the fully closed
posttion), the engine operation stops spontaneously to
inhibit the motor vehicle from further running. As the
measures for coping with this problem, it can be con-
ceived to mechanically couple the throttle valve 2 to
the accelerator pedal 7 through manual operation or to
provide throttle actuator systems in duplicate with one
in redundancy.

As 1s apparent from the foregoing description, in the
conventional throttle valve control system for the
motor vehicle, the throttle actuator control can cer-
tainly be failsafed against failure in the opened position
of the throttle valve (i.e., failure incurring runaway of
the engine). However, for the failure occurring in the
fully closed position of the throttle valve (i.e., failure
disabling the running of the engine), there is known no
remedy method which can be adopted practically and
profitably from the standpoint of manipulation as well
as the economical viewpoint. It goes without saying
that the disability of running the motor vehicle due to
such failure will incur unwanted situation in depen-
dence on the place where the motor vehicle is driven.
For example, in the course of driving the motor vehicle
on an expressway, this sort of failure should positively
be excluded.

SUMMARY OF THE INVENTION

In the light of the state of the art described above, it
1s an object of the present invention to provide an intake
air flow control system for an internal combustion en-
gine of a motor vehicle which system can ensure the
running of a motor vehicle even upon occurrence of
abnormality in the throttle control system inclusive of
the throttle actuator at the fully closed position of the
throttie valve.

In view of the above and other objects which will
become apparent as description proceeds, there is pro-
vided according to an aspect of the present invention an
intake air flow control system for an internal combus-
tion engine of a motor vehicle, which system comprises
an accelerator pedal depression sensor for detecting
depression level of an accelerator pedal, a throttle actu-
ator for regulating opening degree of a throttle valve in
dependence on the depression level of the accelerator
pedal, a bypass intake passage which bypasses an intake
pipe of the engine at a location where the throttle valve
1s disposed, a bypass control valve installed in the by-
pass intake passage, the opening degree of the bypass
control valve being controlled intrinsically in depen-
dence on predetermined running states of the engine, an
abnormality detecting means for detecting abnormality
occurring in control of the throttle actuator, and means
for controlling the opening degree of the bypass control

- valve 1n dependence on the depression level of the ac-

celerator pedal in response to detection of abnormality
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occurring in the throttle valve control in the fully
closed position of the throttle valve.

With the structure of the intake air flow control sys-
tem described above, the motor vehicle can continue to
run even upon occurrence of abnormality in the control
Dertformed by the throttle actuator in the fully closed
state of the throttle valve by virtue of such feature that
the bypass control valve is then controlled in depen-
dence on the depression degree of the accelerator pedal.

The above and other objects, features and attendant
advantages of the invention will better be understood
by reading the following description of preferred em-
bodiments thereof taken in conjunction with the draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram showing generally a struc-
ture of an intake air flow control system for an internal
combustion engine system of a motor vehicle according
to an embodiment of the present invention:

FIG. 2 1s a block diagram showing schematically a
structure of an intake air flow control system for an
engine of a motor vehicle known heretofore;

F1G. 3 1s a flow chart for illustrating a procedure for
controlling a throttle valve in the system shown in FIG.
2;

FIG. 4 1s a view for illustrating graphically typical
relations between desired throttle opening and accelera-
tor pedal depression;

FIG. 5 1s a view for illustrating graphically relations
between engine output torque and engine rotation
speed;

FIG. 6 1s a flow chart for illustrating a procedure for
making decision as to occurrence of abnormality in a
throttle control and the measures to be taken in depen-
dence on the results of the abnormality decision:

FI1G. 7 1s a flow chart for illustrating abnormality
decision processing and subsequent processing accord-
ing to an embodiment of the invention; and

F1G. 8 1s a view for graphically illustrating relation
between accelerator pedal depression and opening de-
gree of a bypass control valve in an intake air flow
control system according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, the present invention will be described in detail
in conjuaction with preferred or exemplary embodi-
ments thereof by reference to the drawings.

FIG. 1 1s a block diagram showing generally a struc-
ture of an intake air flow control system for an internal
combustion engine of a motor vehicle according to an
embodiment of the invention. In this figure, the compo-
nents which are same as or equivalent to those de-
scribed hereinbefore in conjunction with the known
system shown in FIG. 2 are denoted by like reference
numerals and repeated description thereof is omitted.
The intake air flow control system according to the
instant embodiment of the invention differs from the

10

15

20

25

30

35

45

50

35

60

conventional one shown in FIG. 2 in that there are

additionally provided load semsors 11 (only one of
which is shown}) for generating signals representative of
load states of engine make-up machines or accessories
such as an air conditioner, a power steering. system,
various electric apparatuses and the like, a bypass pas-
sage 12 which 1s so disposed as to bypass the intake pipe
14 at a location where the throttle valve 2 is disposed,
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and a bypass control valve unit 13 for controlling the
amount of air flowing through the bypass passage 12.

With the structure of the intake air flow control sys-
tem described above, the control of the throttle actuator
3 is performed through a substantially same procedure
as that described hereinbefore in conjunction with the
flow chart shown in FIG. 3 (i.e., as in the case of the
intake air flow control system known heretofore). How-
ever, 1 the case of the intake air flow control syste
according to the instant embodiment of the invention,
the bypass passage 12 is additionally provided, wherein
the air flow through the bypass passage 12 is regulated
by the bypass control valve 13a whose opening is con-
trolled by a valve actuator 135 under the control of the
controller 10. Parenthetically, it is to be mentioned that
provision of a bypass air flow control valve unit (13a;
13b) in a bypass passage for the purpose of controlling
the 1dling speed (rpm) of the engine is known and
adopted 1n some practical applications. Basic operation
of such bypass air flow control valve unit is to control
the opening of the bypass control valve 13z in an open
loop 1n dependence on the load states of the engine
accessories mentioned previously while realizing a feed-
back control of the engine speed (rpm) so that it as-
sumes constantly a predetermined level or value (idling
speed level) when the throttle valve 2 is fully closed
(1.e., when the accelerator pedal is released).

With the present invention, it is contemplated to
validate fail-safe operation as well as backup operation
of the engine and hence the motor vehicle, when abnor-
mality takes place in the throttle valve 2, the throttle
actuator 3 and/or the control system therefor in the
fully closed position of the throttle valve 2. This will be
described below by reference to a flow chart shown in
FIG. 7.

Referring to FIG. 7, processing steps 200 to 202a;
2025 are same as those described hereinbefore in con-
junction with FIG. 6. According to the teachings of the
present invention, the accelerator pedal depression a is
tetched in a step 203 after operation of the throttle actu-
ator 3 has been stopped upon occurrence of failure in
the actuator or control system therefor in the fully
closed state of the throttle valve (step 2025), whereon
the opening 6p of the bypass control valve 13 is con-
trolled as a function of the accelerator pedal depression
a 1n a step 204 in such a manner as illustrated graphi-
cally in FIG. 8. It goes without saying that so far as the
throttle control system remains normal, the opening of
the bypass control valve 13¢ is controlled as a function
of the load states of the engine accessories mentioned
previously under the control of the controller 10 inde-
pendent of actuation or depression a of the accelerator
pedal 7.

In the case of the intake air flow control system de-
scribed above, it is assumed that abnormality of the
throttle actuator 3 is decided on the basis of magnitude
of difference 8 between the accelerator pedal depres-
sion a and the real throttle opening 6.,. However, such
abnormality decision may be made on the basis of a
preestablished relation between the intake air flow of
the engine 1 detected by an intake air flow sensor (not
shown) and the depression depth a of the accelerator
pedal or the desired throttle opening 8;. To this end,
output signals of other appropriate sensors may be uti-
lized. Besides, for dealing with such situation that the
throttle control is disabled due to abnormality taking
place in the controller 10, occurrence of abnormality
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may be monitored by an electronic circuit or microcom-
puter provided separately from the controller 10.

In consideration of the fact that when the bypass air
flow i1s small, the running performance of the motor
vehicle can not satisfactorily be assured by the backup
operation performed by using the bypass passage 12
upon occurrence of failure in the throttle control system
inclusive of the throttle actuator 3 in the fully closed
state of the throttle valve 2, the flow section of the
bypass passage 12 should be so selected that the amount
of the bypass air flow is sufficient for the speed of the
engine after the warming-up to attain a predetermined
value, for example, of 2000 rpm at the least and prefera-
bly about 4000 rpm. Further, when the actuator 135 of
the bypass control valve 13q is constituted by a stepping
motor or a DC motor, the response of the actuator tends

to be accompanied with a time lag, which involves a’

corresponding time lag in increasing the engine output
torque by depressing the accelerator pedal 7. Accord-
ingly, suitable means should preferably be provided for
increasing the air flow for the idle operation upon oc-
currence of abnormality when compared with that of
the normal operation.

Many features and advantages of the present inven-
tion are apparent form the detailed specification and
thus it is intended by the appended claims to cover all
such features and advantages of the system which fall
within the true spirit and scope of the invention. Fus-
ther, since numerous modifications and changes will
readily occur to those skilled in the art, it is not desired
to lmit the invention to the exact construction and
operation illustrated and described. Accordingly, all
suitable modifications and equivalents may be resorted
to, falling within the scope of the invention.

We claim:

1. An intake air flow control system for an internal
combustion engine of a motor vehicle, comprising:

accelerator pedal sensor means (8) for detecting an

actuation level of an accelerator pedal;
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8

throttle actuator means (3) for controlling an opening
degree of a throttle valve (2) in dependence on the
detected actuation level of said accelerator pedal;

a bypass intake passage (12) bypassing an intake pipe

(14) of said engine at a location where said throttle
valve 1s disposed;

bypass control valve means (13q) installed in said

bypass intake passage;

abnormality detecting means for detecting an abnor-

mality occurring in the control performed by said
throttle actuator means when the throttle valve is
in a fully closed state; and

means (10, 135) for controlling the opening degree of

sald bypass control valve in dependence on the
detected actuation level of said accelerator pedal in
response to a detection of abnormality in the con-
trol performed by said throttle actuator means,
wherein said abnormality detecting means detects an
abnormality based on a difference in magnitude
between the actuation level of said accelerator
pedal and a real opening degree of said throttle
valve, in comparison with a predetermined value.

2. An intake air flow control system according to
claim 1, wherein opening degree of said bypass control
valve 1s ordinarily controlled in dependence on running
states of said engine.

3. An intake air flow control system according to
claim 1, wherein said abnormality detecting means de-
tects abnormality in at least one of said throttle valve
and said throttle actuator in the fully closed state of said
throttle valve.

4. An intake air flow control system according to
claim 2, further comprising means for detecting abnor-
mality in operation of said control means to thereby
control the opening degree of said bypass control valve.

5. An mtake air flow control system according to
claim 1, wherein said bypass control valve means and
said bypass intake passage are additionally used for
supplying imntake air to said engine during idling.
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